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TRENDS IN EX-VESSEL VALUE AND SIZE COMPOSITION OF REPORTED MAY-AUGUST 
CATCHES OF BROWN SHRIMP AND WHITE SHRIMP FROM THE TEXAS, 
LOUISIANA, MISSISSrPPl, AND ALABAMA COASTS, 1960-1 978' 
CHARLES WAX CAILLOUET AND DENNIS BRIAN KO1 
National Marine Fisheries Service, Galveston Laboratory 
Galveston, Texas 77550 
ABSTRACT Exponential models were used to characterize (1) ex-vessel value (in dollars) per shrimp by size category 
(count; Le., number of shrimp per pound, heads off?; (2) size composition (expressed as cumulative weight of the catch in 
pounds, heads off, by size category); and (3) ex-vessel value composition (expressed as cumulative ex-vessel value, in dollars, 
of the catch by size category) for reported May-- August catches (inshore and offshore combined) of brown shrimp (Penaeus 
aztecus) and white shrimp (P. setiferus) from the Texas, Louisiana, Mississippi, and Alabama coasts (statistical areas 10-21) 
from 1960 to 1978. Exponents of the models were used as indices to investigate trends in ex-vessel value per shrimp, sue 
composition, and ex-vessel value composition of the May-August catches during this period. This approach to analysis of 
catch statistics can be used to monitor these fisheries, and the results can be compared with changes that may be brought 
about by the closure of the fishery conservation zone off Texas, as proposed by 1981 by the Gulf of Mexico Fishery 
Management Council, in the fishery management plan for the shrimp fishery of the Gulf of Mexico. 
INTRODUCTION 
The fishery management plan for the shrimp fishery of 
the Gulf of Mexico, prepared by the Gulf of Mexico Fishery 
Management Council (GMFMC 1980), proposed a simul- 
taneous closing of the territorial sea of the State of Texas 
and the adjacent fishery conservation zone (FCZ) to 
shrimping during the time of the year when brown shrimp 
(Penaeus aztecus) in these waters are, for the most part, 
smaller than 65count (refers throughout this paper to number 
of shrimp per pound, heads removed). The territorial sea 
is the area under state jurisdiction extending from the coastal 
baseline to 9 nautical miles off Texas (Figure 1). The FCZ 
is the area under federal jurisdiction beginning at the outer 
limit of Texas' territorial sea and extending 200 miles from 
shore. The closing of Texas' territorial sea to shrimping 
normally begins June 1 and extends to  July 15. However, 
a IS-day flexibility in the closing and opening dates is 
allowed to accommodate effects of climatic variations on 
shrimp growth, within the restriction that the period of 
closure does not exceed 60 days. The inclusive dates for 
the closure in 1981 were May 22-July 15. The management 
plan encouraged the State of Texas to continue its seasonal 
closure of the territorial sea, to eliminate minimum size 
restrictions on shrimp caught in open waters before and 
after the closure, and to evaluate the effect of allowing 
white shrimp (P. setifents) fishing to continue within the 
closed areas during the closure. 
Rationale for the proposed closure was an expected 
increase in yield from additional growth of the protected 
brown shrimp, and from the elimination of waste due to 
discarding of undersized brown shrimp in the FCZ 
'Contribution No. 81 -24G from the Southeast Fisheries Center, 
Galveston Laboratory, National Marine Fisheries Service, NOAA. 
Manuscript received March 24, 198l;accepted June 15,1981. 
(GMFMC 1980). The management plan recognized that the 
closure might affect other fishing areas (e.g., the coasts of 
Louisiana, Mississippi, and Alabama) by shifting fishing 
effort to those areas. Therefore, it was the intent of the 
management plan that the biological, ecological, social and 
economic impacts of the closure be monitored in 1981 so 
that revisions could be made if warranted. 
e . 7  7' Y L W  
-=.,, .' N U T  
OFU .' Y u.0 
I 
1 J L  I 
Figure 1. Boundaries of statistical areas 10-21, the Texas territorial 
sea, and the fisheries conservation zone off Texas (based on infor- 
mation from GMFMC 1980). 
As might be expected, the proposed closure of the FCZ 
off Texas has become a highly controversial issue. There is 
considerable interest and concern on the part of the fishing 
industry, the Gulf states, the GMFMC, the National Marine 
Fisheries Service (NMFS), and fishery scientists regarding 
the potential impacts of the proposed closure. 
We expect that the redistribution of fishing effort, the 
changes in fishing strategy, and the additional shrimp growth 
that may result from the closure will cause changes in size 
composition of the combined inshore and offshore catch. 
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Inshore waters generally are considered to be landward of 
the barrier islands, and are represented by bays or estuaries. 
Offshore waters are seaward of the barrier islands. According 
to  Henderson (1972) and Ricker (1975), an increase in 
average size of individuals in the catch could indicate a 
decrease in mortality (usually equated with a decrease in 
fishing mortality) or an increase in growth (e.g., if recruit- 
ment were poor, and if population density were low as a 
consequence). A decrease in average size might be brought 
about after the closure by retention and landing of large 
quantities of small shrimp, previously discarded at sea. Also 
a decrease in average size might be caused by an intensifi- 
cation of fishing in offshore and inshore waters open to 
shrimping in other areas during the closure. Socioeconomic 
factors leading to changes in strategies of fishing, culling 
of the catch, and marketing of the landings also could 
influence size composition of the catch. 
Caillouet et al. (1980) developed a simple exponential 
model to characterize the size composition (expressed as 
cumulative percentage of weight of catch by size category) 
of annual catches of shrimp. They showed that the size of 
brown and white shrimp in the reported annual catches 
from Texas and Louisiana decreased from 1959 to 1976. 
Caillouet and Koi (1980) modified the model by applying 
it to cumulative weight by size category instead of cumula- 
tive percentage of weight by size category, and used it to 
investigate trends in size composition of the annual landings 
of brown, pink (P. duoramm), and white shrimp from the 
Gulf and southeast coast fisheries of the United States from 
1961 to 1977. Caillouet and Koi (1980) also used exponen- 
tial models t o  investigate trends in ex-vessel value per 
shrimp by size category, size composition, and ex-vessel 
value composition of these annual landings. Using the 
methods of Caillouet and Koi (1980), Caillouet and Koi 
(1981) investigated trends in ex-vessel value per shrimp by 
size category, size composition, and ex-vessel value compo- 
sition of reported annual catches of pink shrimp from the 
Tortugds fishery off south Florida from 1960 to 1978. The 
effect of shrimp size on the ex-vessel value of the catch has 
also been recognized by Neal (1967), Griffin et al. (1974), 
Griffin and Nichols (1976), and Griffin et al. (1976). 
The NMFS has the responsibility for monitoring impacts 
of closing the FCZ off Texas. The purposes of this paper 
are to propose a procedure for monitoring the brown and 
white shrimp fisheries of Texas, Louisiana, Mississippi, and 
Alabama, based on the methods of Caillouet and Koi 
(1980), and to use these methods to investigate trends in 
ex-vessel value per shrimp by size category, size compo- 
sition and ex-vessel value composition of the reported 
May-August catches from 1960 to 1978. This approach 
can then be used as one means of assessing the impacts of 
closing the FCZ off Texas in 198 1. The period May-August 
was chosen for these analyses to assure that the period of 
closure of Texas’ territorial sea and the FCZ would be 
starting and ending dates for the closure. Including May and 
August in the time interval of coverage for the years 1960- 
1978 will assure that some catch statistics will be available 
from the Texas coast for future comparison with those 
from Louisiana, Mississippi, and Alabama for the May-August 
periodin 1981. 
DESCRIPTION OF DATA 
Summaries of the May-August catches of brown and 
white shrimp and their ex-vessel value were compiled from 
data files available from the NMFS, Southeast Fisheries 
Center (SEFC) Technical and Information Management 
Services (TIMS), Miami, Florida. The combined weight of 
the reported May-August catches (inshore and offshore 
combined) was expressed in pounds (heads off) and the ex- 
vessel value in dollars, by year (1960-1978); coastal area 
(statistical areas 10-  12, 13-17, and 18-21, Figure 1); 
species (brown and white shrimp); and size category (< 15, 
15-20, 21-25,26-30,31-40,41-50, 51-67, and 2 68 
count, and “pieces,” representing parts of shrimp tails 
that could not be assigned to a count category). Comparable 
data for the years 1979 through 1981 were not available 
at the time of this writing. 
The three coastal areas are defined as (1) Texas coast 
(statistical areas 18-2 1 combined); ( 2 )  Mississippi River 
to Texas (statistical areas 13-1 7 combined), representing 
that part of the Louisiana coast west of the Mississippi 
River; and (3) Pensacola to the Mississippi River (statistical 
areas 10-12 combined), representing that part of the 
Louisiana coast east of the Mississippi River, the Mississippi 
coast, the Alabama coast, and a small part of the upper 
coast of Florida (catches from Pensacola Bay are not 
included in this area; they are allocated to the adjacent 
Apalachicola area by TIMS). Note that part of statistical 
area 17 is included in the area that was closed in 1981 
(Figure 1). Therefore, for the years 1960 to 1978, the 
May-August catch statistics for the Mississippi River to 
Texas coastal area represent a somewhat larger zone open 
to shrimping than was the case in 1981, as a result of the 
closure. This should be considered in any future analyses 
applying our methods to data for the Mississippi River to 
Texas coastal area. 
English rather than metric units are used throughout our 
paper because they have been used historically, and infor- 
mation would have been lost in their conversion to metric 
units. Catches used herein represent those portions of the 
actual catches that were landed by domestic commercial 
fishermen at domestic ports and reported by the National 
Marine Fisheries Service or its predecessor, the Bureau of 
Commercial Fisheries, U.S. Fish and Wildlife Service. 
ANALYSES AND RESULTS 
May-August Catches by Year 
encompassed, considering the allowed flexibility in the The general trends in reported May-August catches, and 
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their ex-vessel value for both species and the three coastal 
areas are shown in Figures 2 through 7. In each coastal area, 
the catch of brown shrimp exceeded that of white shrimp. 
The general trends in catch were upward, except for white 
shrimp from Pensacola to the Mississippi River (Figure 7) 
for which the trend was downward. In all cases, the general 
trend in ex-vessel value of the catch was upward, but this 
was not adjusted to account for inflation. 
May-August Ex-vessel Value per Shrimp by  Size Cotegory 
We calculated the May-August average ex-vessel value 
per shrimp, V, by size category, C, for each year, according 
to the methods of Caillouet and Koi (1 980, 198 l),  to obtain 
the following exponential model which described the 
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Figure 2. Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May-August catches (inshore and 
offshore combined) of brown shrimp from the Texas coast (statistical 
areas 18-21 combined), 1960-1978. 
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Figure 3. Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May-August catches (inshore and 
offshore combined) of white shrimp from the Texas coast (statistical 
areas 18-21 combined), 1960-1978. 
relationship between Vi and Ci for each species, coastal 
area, and year: 
qi = a (exp bCi) (1) 
where Vi = May-August average ex-vessel value per shrimp 
for the ith size category; Ci = lower limit (count) of the ith 
size category(C1 = 15,C2 = 2 1 , C 3 = 2 6 , C 4  = 3 1 &  =41, 
C6 = 51, and C7 = 68); and i = 1, 2 ,  . . . , 7. The logarith- 
mic form of model 1 was used to estimate parameters a 
and b by linear regression (Tables 1 through 3). The very 
high coefficients of  de te rmina t ion ,  r 2 ,  indicated 
t h a t  t h e  straight lines fi t ted t h e  da ta  very well. All 
slopes, b ,  were negative,showing tha t  t h e  value per  
501 
= 20 
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Figure 4. Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May-August catches (inshore and 
offshore combined) of brown shrimp from the Mississippi River to 
Texas (statistical areas 13-17 combined), 1960-1978. 
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Figure 5 .  Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May-August catches (inshore and 
offshore combined) of white shrimp from the Mississippi River to 
Texas (statistical areas 13-17 combined), 1960-1978. 
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Figure 6. Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May-August catches (inshore and 
offshore combined) of brown shrimp from Pensacola to the Missis- 
sippi River (statistical areas 10-12 combined), 1960-1978. 
TABLE 1. 
Relationship between transformed ex-vessel value (dollars) per 
shrimp, InV, and count, C, for reported May-August catches 
(inshore and offshore combined) of brown and white 
shrimp from the Texas coast (statistical 
areas 18-21 combined), 
1960-1978.* 
Brown Shrimp White Shrimp 
Year a b r2 a b r2 
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Figure 7. Weight (millions of pounds, heads off) and ex-vessel value 
(millions of dollars) of reported May- August catches (inshore and 
offshore combined) of white shrimp from Pensacola to the Missis- 
sippi River (statistical areas 10-12 combined), 1960-1978. 
TABLE 2. 
Relationship between transformed ex-vessel value (dollars) per 
shrimp, InV, and count, C, for reported May-August catches 
(inshore and offshore combined) of brown and white 
shrimp from the Mississippi River to Texas 
(statistical areas 13- 17 combined), 
1960-1978.* 
Brown Shrimp White Shrimp 
Year a b r2 a b r2 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
0.07492 -0.04629 0.966 
0.08534 -0.04876 0.992 
0.1 1596 -0.05782 0.987 
0.09822 -0.05076 0.985 
0.11088 -0.05347 0.989 
0.15149 -0.05204 0.986 
0.16950 -0.05686 0.983 
0.18600 -0.05580 0.992 
0.12142 -0.04926 0.994 
0.11772 -0.05380 0.981 
0.17010 -0.05730 0.988 
0.25218 -0.05918 0.987 
0.26745 -0.05896 0.992 
0.30651 -0.05136 0.993 
0.29912 -0.06135 0.962 
0.37610 -0.05334 0.995 
0.59955 -0.06131 0.982 
0.51261 -0.05869 0.981 
0.59723 -0.05899 0.996 
0.07379 -0.04900 0.939 
0.07594 -0.04376 0.992 
0.11820 -0.05124 0.985 
0.09864 -0.05236 0.957 
0.09053 -0.04974 0.980 
0.09313 -0.04807 0.982 
0.12842 -0.04775 0.993 
0.11758 -0.05076 0.957 
0.12651 -0.04732 0.926 
0.19635 -0.06037 0.995 
0.15597 -0.05546 0.979 
0.19029 -0.04982 0.981 
0.27621 -0.05965 0.985 
0.23322 -0.04344 0.996 
0.31702 -0.06005 0.968 
0.36948 -0.05330 0.997 
0.53091 -0.05931 0.968 
0.57544 -0.05680 0.989 
0.41271 -0.04753 0.967 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
0.07177 -0.04518 0.960 
0.07807 -0.04540 0.976 
0.10589 -0.04496 0.982 
0.10710 -0.05525 0.979 
0.09336 -0.05032 0.977 
0.09448 -0.04770 0.980 
0.13860 -0.04983 0.993 
0.11373 -0.05142 0.978 
0.16711 -0.05673 0.983 
0.18027 -0.05456 0.993 
0.16396 -0.05586 0.983 
0.25174 -0.05603 0.991 
0.28208 -0.04830 0.996 
0.31893 -0.06200 0.963 
0.26244 -0.06079 0.991 
0.44343 -0.05921 0.998 
OS4890 -0.05990 0.990 
0.50268 -0.05870 0.979 
0.55672 -0.05896 0.998 
0.08062 -0.04922 0.950 
0.07230 -0.04069 0.987 
0.10262 -0.04317 0.964 
0.11971 -0.05634 0.954 
0.08392 -0.04693 0.958 
0.09079 -0.04550 0.975 
0.11432 -0.04402 0.977 
0.13192 -0.05004 0.967 
0.15812 -0.05335 0.974 
0.16861 -0.05167 0.982 
0.15779 -0.05146 0.979 
0.22663 -0.05676 0.988 
0.27206 -0.05543 0.981 
0.23883 -0.04253 0.991 
0.34038 -0.06098 0.953 
0.39411 -0.05521 0.997 
0.51734 -0.05844 0.971 
0.47111 -0.05203 0.990 
0.64588 -0.06011 0.992 
*Based on the linear regression of 1nV on C, where V = May-August 
average ex-vessel value per shrimp in each of seven size categories, 
C = lower limit (count) of each of the seven size categories, ln(a) = 
intercept, b = slope, and r2 = coefficient of determination; all 
slopes, b, were significantly different from 0 at the 99% level of 
confidence, and the high r2 values indicated a very good fit of the 
straight lines to the data points. 
*Based on the linear regression of 1nV on C, where V = May-August 
average ex-vessel value per shrimp in each of seven size categories, 
C = lower limit (count) of each of the seven size categories, ln(a) = 
intercept, b = slope, and rz = coefficient of determination; all 
slopes, b, were significantly different from 0 at the 99% level of 
confidence, and the high r2 values indicated a very good fit of the 
straight lines to the data points. 
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TABLE 3. 
Relationship between transformed ex-vessel value (dollars) per 
shrimp, lnV, and count, C, for reported May-August catches 
(inshore and offshore combined) of brown and white 
shrimp from Pensacola to the Mississippi River 
(statistical areas 10- 12 combined), 
1960-1978.* 
Brown Shrimp White Shrimp 
Year a b I2 a b r2 
1960 0.06459 
1961 0.06892 
1962 0.09940 
1963 0.08738 
1964 0.08482 
1965 0.08664 
1966 0.12705 
1967 0.09783 
1968 0.15802 
1969 0.16800 
1970 0.14682 
1971 0.24106 
1972 0.23786 
1973 0.29481 
1974 0.31528 
1975 0.38841 
1976 0.54194 
1977 0.47724 
1978 0.50039 
-0.04092 0.950 
-0.04052 0.953 
-0.04296 0.953 
-0.04806 0.951 
-0.04654 0.963 
-0.04376 0.956 
-0.04682 0.986 
-0.04687 0.952 
-0.05362 0.974 
-0.05224 0.981 
-0.05182 0.966 
-0.05768 0.982 
-0.05198 0.974 
-0.05927 0.968 
-0.04925 0.991 
-0.05390 0.996 
-0.05741 0.980 
-0.05660 0.967 
-0.05555 0.995 
0.07132 -0.04533 
0.06839 -0.03821 
0.09536 -0.04022 
0.09655 -0.05245 
0.08617 -0.04676 
0.08619 -0.04278 
0.11061 -0.04302 
0.12206 -0.05243 
0.14762 -0.05040 
0.14203 -0.04660 
0.14364 -0.05006 
0.03587 0.01917t 
0.25034 -0.04056 
0.34052 -0.06087 
0.54105 -0.05609 
0.21810 -0.05502 
0.34995 -0.05095 
0.50089 -0.05739 
0.43380 -0.04895 
0.954 
0.965 
0.962 
0.950 
0.977 
0.944 
0.956 
0.929 
0.963 
0.940 
0.951 
0.984 
0.063t 
0.995 
0.943 
0.987 
0.966 
0.977 
0.987 
*Based on the linear regression of 1nV on C, where V = May-August 
average ex-vessel value per shrimp in each of seven size categories, 
C = lower limit (count) of each of the seven size categories, ln(a) = 
intercept, b = slope, and r2 = coefficient of determination; all 
slopes, b, except one, were significantly different from 0 at the 99% 
level of confidence, and the high I’ values indicated a very good fit 
of the straight lines to the data points. 
tThe slope, b,  for white shrimp in 1972 did not differ significantly 
from 0 at the 95% level of confidence, and the r2 value was very 
low, because no catch was reported for the > 68 count category. 
shrimp decreased with increase in count (decrease in size), 
as expected. 
Lower limits rather than midpoints or upper limits of 
the seven size categories were used in constructing model 1 ,  
as in Caillouet and Koi (1980, 1981). The < 15 category 
represented < 3% of the May-August catches of brown 
shrimp in each of the three coastal areas in any given year. 
However, for white shrimp, the < 15 category represented 
as high as 23% of the May-August catches from the Texas 
coast, 15% from the Mississippi €her to Texas, and 28% 
from Pensacola to the Mississippi River in certain years. We 
did not include the < 15 size category in model 1 to be 
consistent with previous work, and because the logarithmic 
form of model 1 is not a straight line in the region of < 15 
count (Caillouet andKoi 1980, 1981; Caillouet et al. 1980), 
The category “pieces” was excluded from the model because 
it represented parts of shrimp tails which could not be 
assigned to a count category. The constant, a, reflected the 
elevation of the straight line which was influenced in part 
by our use of lower limits of size categories and exclusion 
of the < 15 size category in fitting the model. The slope, b, 
of the straight line is a simple index of the ex-vessel price 
spread among the size categories of shrimp, i.e., it is an 
index of ex-vessel price structure. 
There were significant downward trends in b for brown 
shrimp in all three coastal areas, and for white shrimp in 
all coastal areas except the Texas coast from 1960 to 1978 
(Table 4). For white shrimp from the Texas coast, the 
general trend was downward, but it was not statistically 
significant. The downward trends indicated that the May- 
August ex-vessel price spread among the size categories 
Qf shrimp increased from 1960 to 1978. Whitaker (1973) 
also observed an increase in price spread between large and 
small “southern” shrimp during the period from 1957 to 
1971. The data point for 1972 was excluded from calcula- 
tion of the trend for white shrimp from Pensacola to the 
Mississippi River because no catch was reported for the 
> 68 count category in 1972 and, therefore, the fit of the 
model was poor (Table 3). 
May-August Cumulative Catch by Size Category 
We calculated the cumulative weight, P, of the May 
August catch in each of the same seven size categories, 
for each species, coastal area, and year (see Caillouet and 
Koi 1980, 1981). These catches were cumulated, starting 
with the size category of smallest shrimp (highest count, 
2 68) and continuing toward the size category of largest 
shrimp (lowest count, 15-20). The following exponential 
model described the relationship between Pi and Ci for each 
species, coastal area, and year: 
where Pi = cumulative weight of the May-August catch in 
the ith size category. The logarithmic form of model 2 was 
used to estimate parameters c and d by linear regression 
(Tables 5 through 7). The coefficients of determination 
for the straight lines were very high. All slopes, d, were 
negative, which reflected the construction of model 2 by 
cumulating catches from small- to large-shrimp size categories 
(see Caillouet and Koi 1980, 1981). 
There were significant upward trends in d for brown 
shrimp, but no significant trends in d for white shrimp, in 
all three coastal areas from 1960 to 1978 (Table 4). The 
upward trends indicated that the size of brown shrimp in 
the reported May-August catches decreased from 1960 to 
1978. The values of d for brown and white shrimp from 
the Texas coast (Table 5 )  were lower than those from the 
other two coastal areas (Tables 6 and 7), indicating that the 
shrimp in the May- August catch from the Texas coast 
generally were larger than those in the other two coastal 
areas. The data point for 1972 was excluded from calcula- 
tion of the trend for white shrimp from Pensacola to the 
Mississippi River (Table 7) as in the previous section. 
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TABLE 4. 
Trends in ex-vessel value (dollars) per shrimp by size category, in cumulative catch (pounds, heads off) by size category, and in 
cumulative ex-vessel value (dollars) of catch by size category, for reported May-August catches (inshore and offshore 
combined) of brown and white shrimp from the Texas coast, the Mississippi River to Texas, and Pensacola to the 
Mississippi River during 1960-1978 (based on data from Tables 1-3,5-7 and 9-11). 
For ex-vessel value For cumulative For cumulative 
per shrimp by size catch by size ex-vessel value of 
Species Coastal Area category category catch by size category 
Brown Shrimp 
Brown Shrimp 
Brown Shrimp 
White Shrimp 
White Shrimp 
Texas Coast 
Mississippi River to Texas 
Pensacola to Mississippi River 
Trends’ 
Trend coefficients 
of determination 
Trends 
Trend coefficients 
of determination 
Trends 
Trend coefficients 
of determination 
-0.00062 
0.5 32 
-0.0008’ 
0.632 
-0.00092 
0.770 
Texas Coast 
Mississippi River to Texas 
Pensacola to Mississippi River 
Trends 
Trend coefficients 
of determination 
Trends 
Trend coefficients 
of determination 
Trends 
Trend coefficients 
of determination 
-0.0004 
0.179 
-0.00072 
0.378 
-0.0007’ 
0.365 
0.0024’ 0.0022’ 
0.560 0.505 
0.00032 0.0001 
0.362 0.030 
o.oo102 0.0006 
0.405 0.191 
0.0003 -0.0001 
0.006 0.000~ 
0.0009 0.0003 
0.160 0.017 
-0.0006 -0.00154 
0.086 0.294 
‘Represents slopes of the linear regressions of b,d,and h,respectively, on x, where x represents the last two digits of each year, 1960-1978. 
The values b,  d,  and h are defined in Tables 1-3, 5-7, and 9-1 1, respectively. Data for 1972 were excluded from regressions for white 
shrimp from Pensacola to the Mississippi River (see Tables 3,7,  and 11). 
2The trend (slope) was significantly different from 0 at the 99% level of confidence. 
31ndicates >O.OOO but <0.005, which would not round to  0.001. 
4The trend (slope) was significantly different from 0 at the 95% level of confidence. 
There were no significant correlations between the weight 
of the May-August catch (including “pieces,” Figures 2 
through 7) each year and corresponding levels of d (Table 8). 
A lack of correlation suggested that size composition was 
not the major factor affecting the weight of the May- 
August catch. This would be expected if another factor 
(e .g., year-to-year variations in recruitment) played a larger 
role than changes in size composition in determining varia- 
tions in weight of the May-August catch. 
May-August Cumulative Ex-vesel Value of Catch by Size Category 
For each species, coastal area, and year, we calculated 
the cumulative ex-vessel value, D, of the catch in each of 
the seven size categories, starting with the size category of 
smallest shrimp and cumulating toward the size category of 
largest shrimp (see Caillouet and Koi 1980, 1981). 
The following exponential model described the relation- 
ship between Di and Ci for each species, coastal area, and 
year: 
Di = g (exp hCi) ( 3 )  
where Di = cumulative ex-vessel value of catch in the ith 
size category. The logarithmic form of model 3 was used to 
estimate parameters g and h by linear regression (Tables 9 
through 11). Very good fits were indicated by the very 
high coefficients of determination. All slopes, h, were 
negative, reflecting the construction of model 3 by cumu- 
lating ex-vessel value of catch from small- to large-shrimp 
size categories. 
Only the upward trend in h for brown shrimp from the 
Texas coast and the downward trend in h for white shrimp 
from Pensacola to the Mississippi River from 1960 to 1978 
were statistically significant (Table 4). The upward trend 
for brown shrimp from the Texas coast indicated that the 
proportions of the ex-vessel value of the May-August catch 
represented by the size categories of smaller shrimp increased 
from 1960 to 1978. The downward trend for white shrimp 
from Pensacola to the Mississippi River indicated that the 
proportions of the ex-vessel value of the May-August 
catch represented by the size categories of larger shrimp 
increased from 1960 to 1978. The data point for 1972 
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TABLE 5. 
Relationship between transformed cumulative weight (pounds, 
heads off) of catch, InP, and count, C, for reported May- 
August catches (inshore and offshore combined) of 
brown and white shrimp from the Texas coast 
(statistical areas 18-21 combined), 
1960-1978.* 
Brown Shrimp White Shrimp 
Year C d r2 C d rz 
TABLE 6. 
Relationship between transformed cumulative weight (pounds, 
heads off) of catch, InP, and count, C, for reported May- 
August catches (inshore and offshore combined) of 
brown and white shrimp from the Mississippi River 
to Texas (statistical areas 13-17 combined), 
1960-1978.” 
Brown Shrimp White Shrimp 
Year C d r2 C d I2 
1960 183,811,255 -0.10258 0.934 7,182,658 -0.08253 0.783 
1961 48,575,993 -0.07323 0.960 1,873,296 -0.03948 0.975 
1962 23,996,295 -0.04965 0.922 2,666,134 -0.03786 0.951 
1963 53,600,556 -0.06741 0.966 6,724,244 -0.07125 0.942 
1964 42,618,117 -0.06161 0.971 5,706,520 -0.04442 0.991 
1965 39,567,158 -0.04776 0.967 2,765,052 -0.03578 0.974 
1966 36,003,258 -0.05231 0.963 3,536,330 -0.05257 0.959 
1967 120,211,109 -0.06731 0.963 1,559,694 -0.03168 0.976 
1968 88,261.098 -0.07819 0.926 3,392,237 -0.03486 0.896 
1969 42,957,422 -0.05614 0.918 7,858,608 -0.06541 0.992 
1970 44,769,157 -0.05286 0.968 8,412,422 -0.05276 0.976 
1971 52,564,419 -0.05110 0.941 4,334,297 -0.08055 0.998 
1972 87,278,961 -0.06344 0.948 7,807,770 -0.06981 0.966 
1973 37,018,191 -0.03611 0.938 3,725,606 -0.03378 0.943 
1974 47,553,217 -0.05093 0.964 8,407,460 -0.08301 0.972 
1975 36,279,377 -0.03871 0.958 6,147,586 -0.07249 0.991 
1976 33,851,030 -0.03720 0.971 3,487,480 -0.03433 0.991 
1977 46,903,835 -0.03852 0.966 2,876,486 -0.02481 0.956 
1978 29,219,592 -0.02498 0.934 4,231,047 -0.04206 0.946 
*Based on the linear regression of 1nP on C, where P = cumulative 
weight of May-August catch in each of seven size categories, C = 
lower limit (count) of each of the seven size categories, ln(c) = 
intercept, d = slope, and I’ = coefficient of determination; all 
slopes, d ,  were significant1 different from 0 at the 99% level of 
confidence, and the high r values indicated a very good fit of the 
straight lines to the data points. 
Y 
was excluded from calculation of the trend for white shrimp 
from Pensacola to the Mississippi River (Table 11) as in the 
two previous sections. 
Simulations 
Models 1 and 2 provided information useful in simula- 
ting the impacts of predictable changes in model parameters, 
barring any major changes in fishery management such as 
the closure of the FCZ off Texas. We conducted simulations 
to  estimate what the overall average ex-vessel value per 
pound of the May-August catches of brown and white 
shrimp in the three coastal areas would have been for 
selected levels of b , to explore the possible consequences 
of changes in both the size composition of the catches and 
the ex-vessel price spread among size categories. 
Because there were significant inverse relationships 
between ln(a) and b for both species in each coastal area 
(Table 8), we were able to estimate parameter a for 
selected levels of parameter b for each species and coastal 
area, to simulate Vi in equation 1. We then calculated the 
corresponding ex-vessel value per pound by size category 
1960 16,792,619 
1961 9,683,268 
1962 7,121,864 
1963 19,298,733 
1964 10,538,439 
1965 16,842,736 
1966 17,312,685 
1967 31,665,870 
1968 23,600,064 
1969 20,210,847 
1970 26,922,152 
1971 30,789,368 
1972 28,351,769 
1973 16,561,644 
1974 17,059,026 
1975 13,688,820 
1976 33,812,124 
1977 48,701,481 
1978 45,423,493 
-0.01158 0.982 6,735,954 -0.03286 0.859 
-0.01507 0.980 746,104 -0.03511 0.935 
-0.00946 0.969 1,989,691 - 0.04671 0.851 
-0.01274 0.970 22,225,926 -0.05003 0.847 
-0.01378 0.874 16,440,034 -0.06129 0.994 
-0.00975 0.997 7,148,335 - 0.07295 0.986 
-0.00957 0.984 10,533,487 -0.05470 0.979 
-0.00988 0.979 7,354,846 -0.05329 0.995 
-0.00816 0.985 3,793,463 -0.02737 0.957 
-0.00425 0.998 7,408,659 -0.04606 0.959 
-0.00958 0.969 10,952,300 -0.03839 0.997 
-0.00887 0.970 13,765,830 -0.04732 0.995 
-0.01058 0.987 9,644,902 -0.05248 0.995 
-0.00387 0.996 3,607,660 -0.04251 0.992 
-0.00594 0.987 2,836,382 -0.02511 0.912 
-0.00535 0.989 4,586,097 -0.03938 0.955 
-0.00735 0.987 8,155,067 -0.02722 0.983 
-0.01097 0.972 7,897,209 ~ 0.02105 0.984 
-0.00804 0.946 9,211,470 -0.04247 0.995 
*Based on the linear regression of InP on C, where P = cumulative 
weight of May-August catch in each of seven size categories, C = 
lower limit (count) of each of the seven size categories, ln(c) = 
intercept, d = slope, and r2 = coefficient of determination, all 
slopes, d, were significantly different from 0 at the 99% level of 
confidence, and the high 12 values indicated a very good fit of the 
straight lines to the data points. 
from the simulated Vi, In each case, we used the ex-vessel 
value per pound obtained for the 15-20 size category as 
an approximation of the minimum ex-vessel value per 
pound for the < 15 size category, because the model did 
not encompass the < 15 size category. We then multiplied 
the simulated ex-vessel value per pound in each size cate- 
gory by the reported pounds caught in each size category to 
simulate the ex-vessel value of the May-August catches by 
size category. The weight of catch in the category “pieces” 
was excluded from these calculations. The resulting values 
were summed over size categories to simulate the ex-vessel 
value of the May-August catches (pieces excluded). The 
simulated ex-vessel value was then divided by the reported 
May-August catch (pieces excluded) to obtain the simu- 
lated May-August average ex-vessel value per pound for 
each level of b for both species, for each coastal area, 
and for each year. Straight lines were fitted to the simulated 
ex-vessel value per pound versus d by linear regression 
(Table 12, Figures 8 through 13). 
An increase in size of shrimp in the catches (as indicated 
by a decrease in d), coupled with an increase in price spread 
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TABLE 7. 
Relationship between transformed cumulative weight (pounds, 
heads off) of catch, InP, and count, C, for reported May- 
August catches (inshore and offshore combined) of 
brown and white shrimp from Pensacola to the 
Mississippi River (statistical areas 10-12 
combined), 1960-1978.* 
Brown Shrimp White Shrimp 
Year C d 12 C d r2 
1960 18,688,894 -0.03557 0.888 1,116,568 -0.01835 0.898 
1961 9,525,281 -0.03397 0.932 141,706 -0.02710 0.911 
1962 5,783,676 -0.02557 0.877 306,285 -0.03999 0.904 
1963 20,786,826 -0.04541 0.895 1,028,879 -0.03534 0.944 
1964 10,320,162 -0.02472 0.889 1,610,427 -0.03872 0.941 
1965 18,107,921 -0.02888 0.816 575,779 -0.03509 0.923 
1966 11,184,171 -0.01133 0.888 531,682 -0.02285 0.884 
1967 22,420,583 -0.02483 0.870 816,760 -0.02479 0.921 
1969 17,867,965 -0.02162 0.861 767,505 -0.03124 0.974 
1968 20,390,303 -0.01797 0.884 499,633 -0.02806 0.923 
1970 17,263,241 -0.02010 0.890 1,360,986 -0.05002 0.977 
1971 19,287,350 -0.01938 0.930 542,037 -0.06344 0.944 
1972 14,473,790 -0.01703 0.938 21,844,069t -0.22577t 0.937 
1973 6,980,981 -0.01775 0.948 113,404 -0.04673 0.968 
1974 8,348,897 - 0.01229 0.929 155,550 -0.02484 0.871 
1975 7,967,968 -0.01717 0.890 218,716 -0.03676 0.606 
1976 12,660,152 -0.01700 0.882 331,522 -0.02700 0.918 
1977 24,861,227 -0.02879 0.888 404,477 -0.02900 0.980 
1978 13,224,609 -0.01398 0.874 616,522 -0.04736 0.988 
*Based on the linear regression of 1nP on C, where P = cumulative 
weight of May-August catch in each of seven size categories, C = 
lower limit (count) of each of the seven size categories, ln(c) = 
intercept, d = slope, and r2 = coefficient of determination; all 
slopes, d, were significantly different from 0 at the 99% level of 
confidence, and the high 12 values indicated a very good fit of the 
straight lines to the data points. 
?Both c and d for white shrimp in 1972 are distorted because no 
catch was reported for the 2 6 8  count category. 
among size categories (as indicated by a decrease in b), 
clearly results in pronounced increases in the average 
ex-vessel value per pound for brown and white shrimp 
(Table 12, Figures 8 through 13). Decreases in b produce 
greater increases in ex-vessel value per pound than equiva- 
lent decreases in d .  Because catches also depend upon 
recruitment each year (Christmas and Etzold 1977), the 
simulated average ex-vessel value per pound can be used as 
a multiplier for estimating the ex-vessel value for a given 
weight of May-August catch of a given size composition, 
for selected levels of b ,  for both species, and for each 
coastal area. 
DISCUSSION 
The extent to which the exclusion of unreported catches 
from our analyses affected our results and conclusions cannot 
be determined. Because reported catches of shrimp are not 
equivalent to actual catches, and because there are errors 
in assignment of catches to size categories, size composition 
of reported catchesis not identical to that of actual catches. 
Unknown portions of catches were not reported, e.g., 
shrimp discarded because they did not meet minimum size 
limits or for economic reasons, catches by recreational 
fishermen, catches sold directly to the consumer, and 
catches by foreign fishing craft (prior to 1976). Also 
unknown is the extent of errors of misclassification of 
catches by size category as a result of shrimp-grading 
practices. Such misclassification errors may average out in 
aggregated catches. However, a thorough investigation of 
the effects of shrimp grading practices (“machine grading” 
and “box grading”) on size distributions of shrimp assigned 
to  various size categories would be necessary to determine 
the extent and magnitude of misclassification errors. 
TABLE 8. 
Linear regressions of catch (in millions of pounds, heads off; includes “pieces”) on d, and h(a)  on b for reported May-August catches 
(inshore and offshore combined) of brown and white shrimp from the Texas coast, the Mississippi River to Texas, 
and Pensacola to the Mississippi River, 1960-1978 (based on data from Tables 1-3 and 5-7). 
Texas Coast Mississippi River to Texas Pensacola to Mississippi River 
Brown Shrimp White Shrimp Brown Shrimp White Shrimp Brown Shrimp White Shrimp’ 
~~ ~~ ~ 
For catch on d 
Slope - 20.437 - 5.329 586.502 -16.268 48.870 0.874 
Intercept 15.3468 1.8985 24.8956 3.6975 9.8000 0.4291 
Coefficient of Determination 0.006 0.019 0.035 0.01 1 0.019 0.002 
For In(a) on b 
Slope -103.51 3’ -65.3923 - 95.2622 -78.8602 -105.3872 -70.0762 
- 7.0505 - 5.2073 
Coefficient of Determination 0.495 0.288 0.627 0.509 0.752 0.417 
‘Data for 1972 were excluded (see Tables 3,4, 7, and 11). 
2The slope was significantly different from 0 at the 99% level of confidence. 
3The slope was significantly different from 0 at the 95% level of confidence. 
Intercept - 7.3187 - 5.1176 - 6.7862 - 5.7348 
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TABLE 9. 
Relationship between transformed cumulative ex-vessel value 
(dollars) of catch, InD, and count, C, for reported May- 
August catches (inshore and offshore combined) of 
brown and white shrimp from the Texas coast 
(statistical areas 18-21 Combined), 
1960- 1978.* 
Brown Shrimp White Shrimp 
Year 8 h r2 g h r2 
1960 108,230,092 -0.11393 0.936 3,736,986 -0.09477 0.805 
1961 36,397,112 -0.09024 0.963 1,311,025 -0.05347 0.974 
1962 21,729,036 -0.06461 0.924 2,031,327 -0.05238 0.959 
1963 45,022,368 -0.09025 0.970 4,415,890 -0.08604 0.955 
1964 32,308,471 -0.07813 0.973 3,882,035 -0.06032 0.993 
1966 45,338,631 -0.07277 0.963 3,972,436 -0.06882 0.953 
1967 110,407,652 -0.08742 0.967 1,105,745 -0.04500 0.963 
1968 95,090,535 -0.09680 0.932 2,409,621 -0.04215 0.934 
1969 52,890,802 -0.07507 0.918 12,070,439 -0.09252 0.989 
1971 79,798,080 -0.07275 0.947 7,645,440 -0.09942 0.998 
1972 161,353,796 -0.08626 0.943 18,067,946 -0.09807 0.970 
1965 32,423,045 -0.06730 0.964 1,852,691 -0.04951 0.969 
1970 50,876,414 -0.07431 0.973 9,425,600 -0.07358 0.984 
1973 79,172,534 -0.05277 0.929 7,133,410 -0.04512 0.944 
1974 71,254,604 -0.07047 0.975 22,639,800 -0.11129 0.973 
1975 88,198,455 -0.05577 0.961 20,209,432 -0.09447 0.992 
1977 131,374,161 -0.05818 0.969 5,995,621 -0.03921 0.986 
1976 114,877,856 -0.06065 0.963 12,554,629 -0.05527 0.985 
1978 82,262,836 -0.04355 0.935 11,590,079 -0.05261 0.963 
TABLE 10. 
Relationship between transformed cumulative ex-vessel value 
(dollars) of catch, InD, and count, C, for reported May- 
August catches (inshore and offshore combined) of 
brown and white shrimp from the Mississippi River 
to Texas (statistical areas 13-17 combined), 
1960- 1978.* 
Brown Shrimp White Shrimp 
Year g h r2 g h r2 
1960 6,294,080 -0.01689 0.984 2,791,110 -0.04070 0.912 
1961 4,367,232 -0.02222 0.970 458,704 -0.04443 0.940 
1962 3,779,680 -0.01413 0.978 1,465,285 - 0.05469 0.890 
1963 7,578,910 -0.02356 0.967 12,757,629 -0.06392 0.919 
1964 4,030,859 -0.02011 0.932 11,132,619 -0.07464 0.996 
1965 7,214,764 -0.01621 0.996 6,237,562 -0.08830 0.986 
1966 9,857,173 -0.01814 0.989 10,406,072 0.06669 0.988 
1967 13,749,184 -0.01786 0.984 7,436,940 -0.06960 0.993 
1968 11,181,487 -0.01686 0.987 3,573,443 -0.04375 0.933 
1969 9,291,959 -0.00974 0.990 8,477,109 -0.06181 0.980 
1970 13,512,017 -0.01775 0.997 11,711,596 -0.05426 0.997 
1971 19,940,033 -0.02048 0.980 22,632,331 -0.07031 0.996 
1972 23,692,521 -0.02099 0.992 20,043,390 -0.07449 0.991 
1973 16,002,252 -0.00780 0.992 7,756,874 -0.05436 0.992 
1974 11,394,827 -0.01407 0.947 4,675,188 -0.04562 0.860 
1975 13,595,100 -0.01574 0.971 13,742,173 -0.06326 0.963 
1976 45,458,483 -0.01738 0.976 27,191,908 -0.04896 0.978 
1977 70,647,268 -0.02095 0.990 16,625,530 -0.03588 0.992 
1978 64,185,636 -0.01841 0.974 31,609,871 -0.06042 0.996 
*Based on the linear regression of hD on C, where D = cumulative 
ex-vessel value of May-August catch in each of seven size categories, 
C = lower limit (count) of each of the seven size categories, h(g) = 
intercept, h = slope, and r2 = coefficient of determination; all 
slopes, h, were significantly different from 0 at the 99% level of 
confidence, and the high r2 values indicated a very good fit of the 
straight lines to the data points. 
*Based on the linear regression of lnD on C, where D = cumulative 
ex-vessel value of May-August catch in each of seven size categories, 
C = lower limit (count) of each of the seven size categories, ln(g) = 
intercept, h = slope, and r2 = coefficient of determination; all 
slopes, h, were significant1 different from 0 at the 99% level of 
confidence, and the high r values indicated a very good fit of the 
straight lines to the data points. 
I 
TABLE 1 1. 
Relationship between transformed cumulative ex-vessel value (dollars) of catch, InD, and count, C, for reported May- August 
catches (inshore and offshore combined) of brown and white shrimp from Pensacola to the Mississippi River 
(statistical areas 10-12 combined), 1960-1978.* 
Brown Shrimp White Shrimp Brown Shrimp White Shrimp 
Year g h r2 g h r2 Year g h r2 g h r2 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
8,761,783 -0.04059 0.899 434,369 -0.02356 0.928 
4,797,953 -0.03877 0.947 74,272 -0.03073 0.921 
3,500,583 -0.02976 0.903 222,137 -0.04531 0.913 
10,692,680 -0.05386 0.915 510,773 -0.04643 0.959 
4,749,073 -0.03086 0.916 965,547 -0.04960 0.947 
6,541,388 -0.01644 0.923 387,472 -0.02925 0.855 
12,320,437 -0.02614 0.924 395,363 -0.03829 0.951 
13,085,954 -0.03053 0.897 675,298 -0.03973 0.977 
9,390,415 -0.03357 0.840 354,339 -0.04205 0.912 
11,741,029 -0.03094 0.895 473,568 -0.03479 0.922 
~~ 
1970 10,598,256 -0.02754 0.936 
1972 14,545,322 -0.02534 0.964 
1973 10,432,119 -0.02715 0.960 
1974 7,185,100 -0.02093 0.972 
1976 22,694,655 -0.02691 0.913 
1977 47,094,652 -0.03979 0.925 
1978 22,804,307 -0.02376 0.913 
1971 16,749,182 -0.03ios 0.953 
1975 12,592,349 -0.02780 0.923 
1,304,382 -0.06316 0.985 
964,900 -0.08604 0.945 
44,865,5145 -0.241285 0.962 
209,025 -0.04113 0.773 
565,050 -0.05625 0.664 
952,133 -0.04408 0.888 
2,196,268 -0.06417 0.985 
280,896 -0.05838 0.976 
1,127,846 -0.04917 0.979 
*Based on the linear regression of lnD on C ,  where D = cumulative ex-vessel value of May-August catch in each of seven size Categories, C = 
lower limit (count) of each of the seven size categories, ln(g) = intercept, h = slope, and r2 = coefficient of determination; all slopes, h ,  
were significantly different from 0 at the 99% level of confidence, and the high r2 values indicated a very good fit of the straight lines to 
the data points. 
?Both g and h for white shrimp in 1972 are distorted because no catch was reported for the 2 68 count category. 
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TABLE 12. 
Linear regressions of simulated average ex-vessel value (dollars) per pound (heads off) on d for reported May-August catches 
(inshore and offshore combined) of brown and white shrimp from the Texas coast, the Mississippi River to Texas, 
and Pensacola to the Mississippi River, 1960-1978, and for selected levels of b 
(based on data from Tables 1-3 and 5-8). 
b' 
Species Coastal Area 
Brown shrimp Texas coast Slopes 
Intercepts 
Coefficients of determination 
Brown shrimp Mississippi River to Texas Slopes 
Intercepts 
Coefficients of determination 
Intercepts 
Coefficients of determination 
Brown shrimp Pensacola to Mississippi River Slopes 
-0.04 
-0.8265' 
0.2918 
0.761 
-5.77 162 
0.2432 
0.979 
-3.14 18' 
0.3214 
0.959 
-0.05 
- 2.4952' 
0.5404 
0.724 
- 14.26 1 3' 
0.3388 
0.956 
- 8.4739' 
0.5283 
0.956 
-0.06 
- 6.48342 
1.0216 
0.694 
-31.4732* 
0.4837 
0.930 
-20.4354' 
0.8867 
0.950 
-0.07 
-1 5.72312 
1.9686 
0.666 
-65.90782 
0.7 139 
0.901 
-46.6675' 
1.5235 
0.942 
White shrimp Texas coast 
~ ~ - -  
Slopes 
Intercepts 
Coefficients of determination 
White shrimp Mississippi River to Texas Slopes 
Intercepts 
Coefficients of determination 
White shrimp Pensacola to Mississippi River Slopes 
Intercepts 
Coefficients of determination 
~~ 
-1.41 62' 
0.5788 
0.745 
-1.82512 
0.5 165 
0.723 
- 3.0922' 
0.5750 
0.726 
~~ - 
- 3.2351' 
0.7834 
0.598 
- 4.83342 
0.7830 
0.614 
- 8.5463' 
0.7221 
0.557 
~~~~ 
- 6.1219' 
1.095 3 
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Figure 8. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of brown shrimp from the Texas coast (statistical areas 
18-21 combined), a t  selected levels of b over the range of d (based 
on  data from Tables 1, 5 ,  and 8). Lines fitted by linear regression 
(Table 12). 
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Figure 9. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of white shrimp from the Texas coast (statistical areas 
18-21 combined), a t  selected levels of b over the range of d @ased 
on data from Tables 1, 5, and 8). Lines fitted by linear regression 
(Table 12). 
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Figure 10. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of brown shrimp from the Mississippi River to Texas 
(statistical areas 13-17 combined), at selected levels of b over the 
range of d (based on data from Tables 2, 6, and 8). Lines fitted by 
linear regression Gable 12). 
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Figure 11. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of white shrimp from the Mississippi River to Texas 
(statistical areas 13-17 combined), at selected levels of b over the 
range of d (based on data from Tables 2,6, and 8). Lines fitted by 
linear regression (Table 12). 
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There were significant decreases in size of brown shrimp 
in the reported May-August catches from the three coastal 
areas from 1960 t o  1978. Caillouet et al. (1980) detected 
significant decreases in size of brown shrimp in reported 
annual catches from Texas and Louisiana from 1959 to 
1976, and Caillouet and Koi (1980) detected significant 
decreases in sue of brown shrimp in reported annual landings 
from the northern Gulf from 1961 to  1977. Fishing effort 
has increased substantially in the northern Gulf coast 
since 1960 (Christmas and Etzold 1977, GMFMC 1980). 
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Figure 12. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of brown shrimp from Pensacola to the Mississippi River 
(statistical areas 10-12 combined), at selected levels of b over the 
range of d (based on data from Tables 3, 7, and 8). Lines fitted by 
linear regression (Table 12). 
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Figure 13. Simulated average ex-vessel value (dollars) per pound 
(heads off) for reported May-August catches (inshore and offshore 
combined) of white shrimp from Pensacola to the Mississippi River 
(statistical areas 10-12 combined), at selected levels of b over the 
range of d (based on data from Tables 3, 7, and 8). Lines fitted by 
linear regression (Table 12). 
For this reason, Caillouet et al. (1980) suggested that the 
observed decreases in size of brown shrimp may be the 
effects of increased fishing effort leading to the harvesting 
of increasing quantities of small shrimp before they grow 
to larger sizes. However, in the absence of a decline in total 
catch or conclusive evidence that shrimp are being harvested 
at rates in excess of that which would maximize yield, this 
cannot be construed as growth overfishing. The decrease in 
size of brown shrimp in catches from the Texas coast may 
be reversed as a result of closure of the FCZ off Texas due 
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to postponement of fishing until the shrimp grow to larger 
sizes. Coupled with continued increase in the price spread 
among size categories, an increase in size of brown shrimp 
in the Texas coast catch could greatly enhance the value of 
that catch. On the other hand, the closure may increase 
fishing effort along the coasts of Louisiana, Mississippi, and 
Alabama (GMFMC 1980), with the possible consequence 
of exacerbating the trends toward decrease of size of brown 
shrimp in the catches from these areas. In addition, the 
increased competition among offshore units could force 
some of the smaller ones to fish inshore as an alternative, 
thereby increasing the fishing pressure inshore. 
To our surprise, there were no significant changes in 
size composition of reported May-August catches of white 
shrimp in the three coastal areas from 1960 to 1978. 
However, if fishing pressure on the white shrimp stock were 
increased as a result of closure of the FCZ off Texas, the 
size of white shrimp in the May-August catch could 
decrease. Caillouet et al. (1980), and Caillouet and Koi 
(1980) detected decreasesin size of white shrimp in reported 
annual catches and landings, respectively, from the northern 
Gulf. Therefore, these decreases in size must have been 
generated by an overwhelming influence of size composition 
of the catches during months other than May-August. 
Our analyses do not account for the impact of overall 
inflation on the trends in ex-vessel value of shrimp catches. 
However, they do indicate that the rate of inflation in 
ex-vessel value per shrimp is higher for larger than for 
smaller shrimp, a phenomenon that should be considered 
in studies of inflationary effects on the ex-vessel value of 
shrimp catches. 
We have characterized the ex-vessel value per shrimp by 
size category, size composition, and ex-vessel value compo- 
sition of the reported May-August catches of brown and 
white shrimp from the Texas, Louisiana, Mississippi, and 
Alabama coasts from 1960 to 1978. Comparisons, by similar 
analyses, with catch statistics for 1979, 1980, and 1981, 
should be of particular use and interest as one means of 
assessing the impacts of the closure of the FCZ off Texas. 
ACKNOWLEDGMENTS 
We are especially grateful to those who had the foresight 
to design and implement the gathering of data on weight 
and ex-vessel value of shrimp catches by statistical area, 
species, and size category, because they have made our 
analyses possible. Notable among them are Charles H. Lyles, 
Director, Gulf States Marine Fisheries Commission (formerly 
of the USFWS), George W. Rounsefell (formerly Director, 
Galveston Laboratory, BCF, USFWS, deceased), Joseph H. 
Kutkuhn, Director, Great Lakes Fisheries Laboratory, 
USFWS, Ann Arbor, Michigan (formerly Assistant Director, 
Galveston Laboratory, BCF, USFWS), and George W. 
Snow (formerly Chief, Division of Statistics and Market 
News, NMFS, New Orleans. Louisiana, retired). 
The manuscript was reviewed by Dr. Edward F. Klima, 
NMFS, Galveston Laboratory; John P. Wise, NMFS, 
Washington, D.C.; Dr. Clarence P. Idyll, National Council 
on Oceans and Atmosphere, NOAA, Washington, D.C.; 
and John Ward, NMFS, Miami, Florida, who provided many 
helpful suggestions. Beatrice Richardson, clerk-typist, NMFS, 
Galveston Laboratory, typed the manuscript. 
REFERENCES CITED 
Caillouet, C. W. & D. B. Koi. 1980. Trends in ex-vessel value and size 
composition of annual landings of brown, pink and white shrimp 
from the Gulf and south Atlantic coasts of the United States. 
Mar. Fish. Rev. 42(12):18-27. 
. 1981. Trends in ex-vessel value and size composition of 
reported annual catches of pink shrimp from the Tortugas 
fishery, 1960-1978. Gulf Res. Rept. 7(1):71-78. 
Caillouet, C. W., F. J .  Patella & W. B. Jackson. 1980. Trends toward 
decreasing size of brown shrimp, Penaeus aztecus, and white 
shrimp, Penaeus setiferus, in reported annual catches from Texas 
and Louisiana. Natl. Mar. Fish. Serv., Fish. Bull. 77(4):985-989. 
Christmas, J. Y & D. J. Etzold (eds.). 1977. n e  Shrimp Fishery of 
the Gulf of Mexico United States: A Regional Management Plan. 
Technical Report Series No. 2 , Gulf Coast Research Laboratory, 
Ocean Springs, MS. 128 pp. 
Griffin, W. L., R. D. Lacewell & W. A. Hayenga. 1974. Estimated 
costs, returns, and financial analysis: Gulf of Mexico shrimp 
vessels. Mar. Fish. Rev. 36(12):1-4. 
Griffin, W. L. & J. P. Nichols. 1976. An analysis of increasing costs 
to Gulf of Mexico shrimp vessel owners: 1971-1975. Mar. Fish. 
Rev. 38(3):8-12. 
Griffin, W. L., N. J. Wardlaw & John P. Nichols. 1976. Economic 
and financial analysis of increasing costs in the Gulf shrimp 
fleet. Natl. Mar. Fish. Serv., Fish. Bull. 74(2):74190-74308. 
Gulf of Mexico Fishery Management Council (GMFMC). 1980. 
Fishery management plan for the shrimp fishery of the Gulf of 
Mexico. Fed. Reg. 45(218):74190-74308. 
Henderson, F. 1972. The dynamics of the mean-size statistic in a 
changing fishery. F A 0  Fish. Tech. Paper No. 116. 16 pp. 
Neal, R. A. 1967. An application of the virtual population technique 
to penaeid shrimp. Pages 264-272 in Proceedings of the 21st 
Annual Conference, Southeastern Association of Game and 
Fish Commissioners. 
Rickcr, W. E. 1975. Computation and interpretation of biological 
statistics of fish populations. Bull. Fish. Res. Board Can. 191: 
382 pp. 
Whitaker, D. R. 1973. The U.S. shrimp industry: past trends and 
prospects for the 1970’s. Mar. Fish. Rev. 35(5-6):23-30. 
